Amphi-Pacific disjunct distributions between South America and Australasia are correlated with the breakup and changing palaeo-climate of Gondwana. For a long period, with a temperate climate, Antarctica formed a land bridge between Australia and South America, allowing species to disperse/vicariate between both continents. Dated phylogenies in the literature, showing sister-clades with a distribution disjunction between South America and Australia, were used for the correlation. The initiation of the Antarctic Circumpolar Current, and a change to a colder Antarctic climate is associated with the opening of the Drake Passage between South America and Antarctica at c. 30 Ma, and the final separation of Australia and Antarctica along the South Tasman Rise at c. 45 Ma. The distribution data highlighted the existence of a "southern disjunct distribution" pattern, which may be the result of continental vicariance/dispersal. This is strongly indicative of a connection between Antarctica, South America and Australia; which later provided a dispersal pathway and facilitated vicariance after break up. The taxa that likely dispersed/vicariated via Antarctica included all species with a more (sub)tropical climate preference. Twelve distributions, younger than 30 Ma, are interpreted as the result of long distance dispersal between South America and Australia; these taxa are suited to a temperate climate. The climatic signal shown by all taxa is possibly a consequence of the Australian plate's asynchronous rifting over tens of millions of years in combination with climate changes. These events may have provided opportunities for tropical and sub-tropical species to disperse and speciate earlier than what we observe for the more temperate taxa. than what we observe for the more temperate taxa.
Biological background Three dispersal mechanisms may explain the disjunct amphi-Pacific distributions (1) Vicariance: widespread ancestral species that evolve into daughter species when areas split;
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(2) Pseudo-vicariance: dispersal and speciation as soon as biota colonize a new region; (3)
Long distance dispersal (LDD): dispersal via rafts of vegetation or via the air/wind) (Sanmartín and Ronquist, 2004; Sanmartín et al., 2007; Crisp et al., 2009; Winkworth et al., 2015) . The lack of preserved Antarctic fossils meant that we were often unable to distinguish between these mechanisms with absolute certainty. A real absence of fossils is indicative of LDD. The same fossil species existing in pre-split S America-Antarctica-Australia is indicative of vicariance, while different species in the three areas may mean pseudovicariance.
The break-up history of Gondwana provides some guidance to the interpretation of dispersal patterns. However, other factors such as regional changes in climate, driven by (i) the global climate, which is in turn forced by Milankovitch cyclicity, oceanic circulation, volcanism, greenhouses gases, etc. (e.g., Zachos et al., 2001) , and (ii) by plate tectonic driven movement through latitudinal zones (Supplementary Video in Supporting Information).
Based on the successive climates of Gondwana, illustrated in Fig. 3 by the temperature curve after Zachos et al. (2001) , we believe that tropical Gondwanan genera may exhibit earlier disjunctions than temperate genera as the latitudinal drift of Australia and South
America resulted in their northern regions reaching warmer climatic belts (Supplementary Video). These climatic belts act as barriers to dispersal and establishment for many species.
Additionally, high southern latitudes may experience relatively warm, or even sub-tropical climates during hot house episodes, and the northward movement of the plates through different latitudinal zones would also mean biota would experience a shift in sunlight periods during winter months. These would therefore act as additional barriers to dispersal, particularly for many plant species and, indirectly, taxa depending on the plants.
Materials and Methods
A database of amphi-Pacific (South American vs. Australasian) genera was compiled from the plant specimen database of Naturalis Biodiversity Center. We selected all families with appearances in the Americas and Australia-Asia, but absent in Africa. A web search was performed on the resulting genera and families for dated phylogenies. We then also searched published literature for additional examples as well as for corresponding molecular phylogenies for each taxon. Key words were dated molecular phylogeny, South America, Australia, disjunction. In most cases the obtained phylogenies were dated, but lacked distributional data of the species, which we obtained from Encyclopedia of Life (http://www.eol.org; last accessed: 15 Jan 2014).
The main criterion to add examples to our database was the presence of a (dated) molecular phylogeny for the corresponding genera. During the assembly of the database, we discovered several instances of undated molecular phylogenies exhibiting Gondwanan disjunctions. In such cases we attempted to contact the relevant authors to obtain the required data as aligned matrices. We received three positive replies to our enquiries for aligned data sets; and obtained aligned matrices of the Rhamnaceae (Richardson et al. 2000) , the Celastraceae (Simmons et al., 2001 ) and the Malvaceae (Baum et al., 2004) plant families.
Unfortunately, we were unable to successfully complete analyses of the Malvaceae and Celastraceae due to a lack of fossil evidence. See Supporting information for the dating of the Rhamnaceae.
Genera in the resulting database were further separated into climatic preference. The online data were also used to establish the ecological preference of the taxa by presuming biome conservatism (Sanmartín et al., 2007) , and were classified as either tropical (including sub-tropical and tropical montane environments), temperate (including Mediterranean-like environments) or ambiguous (a broad environmental preference). The disjunction date estimates for the amphi-Pacific taxa were then interpreted with reference to the tectonic reconstruction (Fig. 2) .
The data obtained from the literature research were compiled in a table containing the calculated dates of disjunction, the relevant publication and the climatic preference of the genera. Because not all publications make use of the same methods, some disjunction dates may have a confidence interval, if significant for their nodes, while others may not. The error bars from the literature were plotted alongside the age of the disjunctions in a graph (Fig. 3) , and omitted when no information was available. By doing this, it was possible to scale the graph according to time of disjunction as well as to the three climatic preferences. The calculations for the mean age of the disjunctions per phylum (Table 2) were based on the centroids of the ages of the disjunctions as given for the taxa in the literature. These mean values are thus very rough indications for the disjunctions in all phyla, because the variation in the dates was not taken in account.
Results
All instances of amphi-Pacific distributions that we could trace are listed in Table 1 and are briefly discussed in the Table S1 (Supporting information). We searched literature
databases for molecular phylogenies where we suspected amphi-Pacific disjunctions would be present. Multiple disjunctions were often discovered within a phylogeny of genera or across taxa, in such cases every statistically relevant disjunction was added to the database and plotted in time. Table 1 shows the ages of Australian, South American and New Zealand clades, and it also shows the ecological type assigned to each taxon.
In Fig. 3 we visualized the results from Table 1 in graphical form. The data are divided into three climatic conditions: (1) tropical-sub-tropical (red); (2) temperate (blue), and: (3) mixed (purple). We have also indicated instances of unknown climatic preferences or when the climate showed a wide range with white dots.
To analyze our data further, mean ages of disjunctions were calculated considering taxa and climatic preferences ( Table 2 ). The data were subdivided into the corresponding phyla and climatic occurrences, and undated disjunctions were omitted from the calculations. From the mean calculations we noted a trend in which tropical species exhibit earlier disjunctions than temperate taxa (Table 2) . Of the 16 dated plant taxa that were analyzed, 13 were confidently estimated to be of vicariant origin. The vertebrates show a mean age of disjunction of c. 50.5 Ma; interestingly, very close to that of the plant disjunctions. As the available literature on the Marsupialia and birds provided no climate preferences within the genera, it was impossible to assign climatic preferences to the species at each disjunction.
The mean disjunction age for the invertebrates was calculated at 51.5 Ma; an age also very similar to the age calculated for plants and vertebrates. Further subdivision of the invertebrates according to their respective climatic preferences, results in a mean age of We ignore the fungi, for only one analyzed (and undated) disjunction was found, and the research pointed to a LDD event in this case (Foighil et al., 1999) .
Within the Mollusca we acquired only one dated phylogeny (56.5 Ma) of a sub-tropical species, which we assigned to vicariance. One other undated phylogeny was found, however, it pointed to an LDD event (Foighil et al., 1999 
Discussion and Conclusions
Our data represent the (dated) phylogenies that show the amphi-Pacific disjunction. The data clearly indicate a majority of lineage splits between South America and Australasia occurred when South America was connected to Australia via the Antarctic land bridge (Phase I, >45 Ma; Fig. 3 ). During Phase I all three dispersal mechanisms could have been present, but LDD is somewhat less likely, because of the absence of strong circumpolar winds and sea currents.
We would expect most vicariance events to have occured during/at the end of Phase I.
Vicariance and especially pseudo-vicariance (dispersal over short distances) are expected to occur between Australia and Antarctica during Phase II (45-30 Ma), when Australia and Fig. 2 ).
Considering the climate at the time, Antarctica may well have acted as a refuge for ostensibly Gondwanan species, which would then exhibit a more recent disjunction, after they crossed back into South America.
In Phase III, when both Australia and South America were detached from Antarctica, LDD was the only dispersal mechanism. We are confident of the separation from Antarctica , though these species inhabit temperate southern oceans. It is possible that the stem group, that has been dated to the Cretaceous, were tolerant of higher temperatures as discussed in Williams et al. (2003) , therefore it is difficult to confidently assign a preferred
climate. However, these species are currently only distributed in temperate southern seas (Williams et al., 2003) , and the reason we assigned a temperate climate to the Austrolittorina. (Fig. 3) . In the course of the literature study we came across some interesting cases of (possible) vicariance events in birds and fish, which show that one cannot always deduce the dispersal/speciation mechanism from the animal's behavior. A vicariant pattern was found in passerine birds (Ericson et al., 2002) . While birds in general arguably possess the best LDD mechanism -flight, it is possible that breeding habits, which are often area specific, lead to vicariance or pseudo-vicariance as the breeding grounds split up. In terms of fish, some
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT

13
Galaxiid species exhibit amphidromous reproduction behavior, spending their juvenile phase in salt water, while adult fish are always found in fresh water (Burridge et al., 2012) . It is possible that some fish dispersed as juveniles across the Tasman Sea/Southern Ocean, or possibly, through the south Equatorial current (a warm water current, the southern arm of which runs from Australia to New Zealand and then to South America). However, in this case LDD between South America and Australia is improbable for these Galaxiid species as the salt water distance between South America and Australia likely would have been too far to cross during the timespan of the fish's juvenile phase.
The ongoing debate between proponents of LDD and proponents of continental vicariance often results in polarized, dogmatic views on either theory. We propose a view in which vicariance and the dispersal-founder effect lead to similar biogeographic patterns throughout amphi-Pacific genera. Thereby, we do not exclude the possibility of LDD events as some evidence of these events is irrevocable, however, some biogeographers fail to recognize the geological sequence of events, preferring LDD explanations even when more parsimonious, vicariant or pseudo-vicariant explanations are possible. The evidence from our literature study, combined with a well established geological history point to a possibly overwhelmingly (pseudo-)vicariant scenario within the Gondwanan genera we reviewed.
Plate reconstructions of Gondwana indicate the last terrestrial connection between
Antarctica and South America was at c. 30 Ma (Fig. 2) . The last connection between Australia and Antarctica (via the South Tasman Rise) was severed at c. 45 Ma (Fig. 2) , which is much more recent than many previous authors assumed when discussing the biogeography of their phylogenetic results. Therefore, all of the examples that we collected (Table 1) show a strong signal that that the connection between South America and Australia via Antarctica provided a dispersal pathway and vicariance moment after break up, and this explains the majority of southern amphi-Pacific distributions.
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Tropical taxa exhibited earlier divergence moments than temperate taxa. This pattern follows the break-up sequence of Gondwanan continents, where more northerly regions experienced tropical conditions first, or experienced tropical conditions where more southerly regions did not. Of the 44 reviewed Gondwanan disjunctions, 2 disjunctions were inconclusive, 12 genera showed disjunctions that were younger than the last terrestrial connections between Australia and South America (indicating these originated due to LDD), and 28 genera were confidently dated prior to the final separation of Gondwana. 
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